There has been considerable interest in recent years in the one-electron reduction in aqueous solution of diquaternary salts of 2,2'-and 4,4'-bipyridyls1'3 and related compounds4*5 to stable radical cations. The interest has been prompted inter alia by the discovery6 of the herbicidal activity of diquat (1 ) and paraquat (2) and by the knowledge th at the one electron transfer which is reversed by oxygen in 1 and 2 is intim ately involved in their mode of biological action6. 2,2'-Bipyridyl dimethio dide (3). which is not a herbicide, was reported6,7 not to be reduced in aqueous solution to the radical cation (4). This was shown to be incorrect however, C H 3 u R e q u e sts fo r re p rin ts sh o u ld be se n t to D r. L. A. S u m m e r s , D e p a rtm e n t o f C h e m istry , T h e U n iv e rs ity of N ew castle, 2308, New South Wales, A u stra lia .
on ESR, NMR and polarographic evidence as reported in a preliminary communication8. Since then, 2,2'-bipyridyl dimethiodide has been examined by polarography in water, dimethylformamide and acetonitrile solutions by H u n i g et a l.3' 9. Although the results of these investigations in aqueous solution confirmed th a t 3 is reduced by a oneelectron transfer to a radical cation some aspects of the polarographic experiments are not in complete accord with our findings8. Because of this we now report in full our polarographic studies with 2,2'-bipyridyldimethiodiode (3) in aqueous solution in the pH range 5.0-8.9.
2,2'-Bipyridyl dimethiodide ( 3 ) was examined polarographically in aqueous solution a t concen trations of 0 . 0 0 1 m and 0 . 0 0 1 5 m with diquat dibromide ( 1 ) as reference a t pH values of 5 . 0 , 5 . 9 , 7 . 0 , 8 . 0 and 8 . 9 . The solutions, containing gelatine to suppress wave maxima, each gave a typical symmetrical one-electron reduction wave with a half-wave potential of -0 . 9 6 V independent of pH and concentration, against a standard calomel electrode (Table I ). In accord with previous results10 the first reduction wave of diquat dibromide occurred at -0 . 6 1 V. A second reduction wave was also observed with 3 at pH values of 5 . 9 and above at about -1 . 4 6 to -1 . 5 3 V. I t was not completely symmetrical and corresponded approx. to the up take of two electrons. I t was pH dependent and its halfwave potential gradually increased as the pH of the solutions became more acidic (Fig. 1) . This behaviour has been observed with the second wave of many diquaternary salts of bipyridyls and related compounds4 and is presumably due inter q u eo u s so lu tio n a t p H 6.0, th e so lu tio n , h o w   ever, a p p a r e n tly n o t c o n ta in in g a w a v e m a x im u m  su p p ressan t. From our results it is apparent th a t 3 is reduced in aqueous solution by a one-electron transfer which does not involve hydrogen to give a radical cation and th a t further reduction, the nature of which is not yet clear, does not take place until a much lower potential a t least in the pH range 5.0-8.9. This result contrasts with the close proximity of the half-wave potentials of two one-electron reduc tion steps obtained when 3 is reduced in acetonitrile solution3 and clearly from our results the mechanism proposed3 to account for this in acetonitrile is un likely to apply in aqueous solution. Polarograph experiments were carried out on aque ous buffer solutions at 20 °C using a standard calo mel electrode. The concentrations of 2,2'-bipyridvl dimethiodide were 0.001 M and 0.0015 M . The buffer solutions were B r i t t o n and R o b i n s o n buffers of pH 5.0 and 8.9 and S o r e n s e n buffers of pH 5.9. 7.0 and 8.0. Gelatine (0.1%) was added to the solutions to suppress wave maxima. Experim ental error in the half-wave potential of the first wave is ±0.02 V. The value for the second wave is approximate. 381 [1967] , 11 F . G . M a n n a n d J . W a t s o n , J . org. C h e m istry 153.
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